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ADHEREN T FILM WITH LOW TTTPPMax t ^«^ 

ASSEMBLY WTTH A HKAT xr"n ^C TRQNIC 

5 Field of the Invent -i rm 

The invention relates to an electronic circuit 

comprising a circuit pathway or trace made on a rigid or 

flexible printed, circuit board substrate and an 

electronic assembly which uses the circuit in thermal 

communication with, but electrically insulated from a 

heat sink. The invention additionally relates to an 

electronic circuit assembly that uses a rigid or 

flexible substrate, an electrical insulation l ayer and a 
heat sink. 

15 Background of fch* InvsnHn. 

Electronic assemblies that include a circuit trace 
or pattern on a rigid or flexible printed circuit board 
are known. Because heat is generated during the 
electrical operation of many such assemblies, a need 
20 exists for the effective removal and dissipation of 

heat. if the heat is not removed, circuit operation can 
be impaired or one or more parts of the assembly may be 
damaged or destroyed. A well known means f or providing 
heat removal is the use of a heat sink, having 
25 substantial heat capacity and heat dissipation 

properties, as a part of the assembly. Heat flows from 
the active circuit into the heat sink and away from the 
source of heat. The heat sink operates through a large 
heat capacity and by heat dissipation through 
30 conduction, convection, radiation or a combination of 
these effects. The presence of a circuit pathway or 
circuit trace, on the flexible circuit, in contact with 
a conductive heat sink requires an electrically 
insulating layer between any active circuit path and any 
5 metallic portion of the heat sink. Ideally, the 
insulating layer comprises a material that has a 
maximized thermal conductivity (minimum thermal 
impedance) with optimized electrical insulation (high 
dielectric strength) . Because close contact between the 
5 circuit and the heat sink improves heat dissipation, a 
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material that is both ^ conduct . 

a-crii.. 9 . n, et :r surf irz d a t s h Patent no - 4 - 858 '°- 

" active semiconductor device i !™ nh , 

conductor tw • • attached to a heat 

onauctor that is ln contact with the foil i ' 
remove heat from n,. • 1 lay« to 

= neat trom the semiconductor Heat- fi 

semiconductor through the heat , * ^ the 

to be dissipated.' Butt Vs " ! "* 
" and S.014.1S9 describe, ■ S -. PatenC nUmbe « 4,849.857 
..J.s» describes a semiconductor cacl«„» >, • 
semiconductor chip bonded to an (e a ^ T 9 3 

-ink with refractory materials Th!'coo ^ hMt 

further attached to a metallic^ s ^ T T ^ 
semiconductor chip is „i re bonded t(J ° The 

>• circuit pattern. The padca- th Printed 
the active circuit . PaCka3E then ls integrated into 

■ Lve circuit using convenHnnai ~ 

Barker, in et al n «T » " 1 COmponents - 
ec ai., U.S. Patent No. 5 17s zii ^ 

a thermally conductive elastomer that \ ^"ibes 

the circuit and the heat siT „ T * 
* employed to compress th r^o-T^ fT"' 

between the components of the p ae L e 7 T """" 
materia! is used to bond the cMp to "he h " 
detail is provided regarding the nature ^h "° 
conductive elastomer. DeGr L at al n I the ™ a11 ^ 
4 574 mo ► u et a1 -' u - s - Patent No. 

4.574,879 teaches a thermally conductive mountino oad 
«or a solid state device such »= = 3 pad 

or triac Th» m ! P ° Wer tra nsistor, SCR 

thre! 3 f 9 Pa<J « least a 

three-layer laminate. The laminate comprises i„ , 
center layer, a fi Ued polyimide (aml<J .f" . " 3 
thermally conductive particul e IZ lslT™^ 3 
boron nitride, etc. The two outsid "a ' 
laminate comprise a silicone base rubber D e G re e e t 
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al., U.S. Patent No. 4,810,563 teaches a thermally 
conductive laminate structure. The laminate can have up 
to five layers including two oppositely disposed outer 
metallic layers enclosing center composite layers. The 
5 center layers comprise films of polyimide (amide) fin ed 
with aluminum oxide, boron nitride or other suitable 
thermally conducting particulate. Squitieri, U.S. 
Patent No. 4,869,954 discloses a thermally conductive 
laminate having at least three layers; the center layer 
10 comprising a conventional glass, fiberglass, plastic 

film and metal foil l ayer . The two oppositely disposed 
external layers form from a curable liquid urethane 
material containing thermally conductive particulate. 
The liquid urethane material is formed into a coating on 
15 the center layer, is cured to form solid laminate 

structure. Anschel et al., U.S. Patent No. 4,914,551 
teaches an electronic package adapted to cool a discrete 
electronic device such as a semiconductor (e.g., a 
silicon chip) . The semiconductor device is positioned 
20 on a thin film substrate attached to a second substrate. 
A heat spreading surface is bonded to the semiconductor 
device surface and a heat sink is bonded to the heat 
spreading device. The heat spreading device is a bulk 
material such as silicon carbide, aluminum nitride, or 
25 copper clad material. An adhesive material is used to 
define a first interface between the semiconductor 
device and the heat spreader. The interface between the 
heat sink and the heat spreader is also insulated by a 
thermally conducted insulating adhesive. Hastings et 
al., U.S. Patent No. 5,285,108 describe the use of a 
thermally conductive material that is also electrically 
insulating. The material comprises silicone or urethane' 
elastomer that is filled with known thermally conducting 
fillers. 

Improved techniques are needed for removing heat 
from printed circuits. Circuits that generate 
substantial heat need an insulating layer that can 
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conduct substantial heat uh ,-i 

Metric strength . he ;: r^™- 

improve the thickness of the llT Properties- 
such thickness can result 1 ° £tSn inc "«- 
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Tho . aj = a =^-tl!gJnveation 
The invention resides in ,„ =1 T~ 
having at least one flexL,. ele " rical assembly 

having at least o„^ * lbU or ri 9" circuit substrate 
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'or- the assembly. The ac i ^ '° * ^ to 
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Circuit traces from tJtu"^^',,"^ 4 " 
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comprises a thermoplastic or the Z adhesive 
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a thermally conductive particuia e f " ^"""^ 
Particulate material in the "1. flll,r -""" r1 - 1 - «» 
side may also be electrical °" °" ^ Sink 

Particulate in contact ' h C ° ndU « 1Ve - H °"-«- any 
P« £ erably not elecLtaU ZZ £.T t " 
bating layer is substantially £ o£ Z^lly 
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conductive filler. Preferred fillers are ceramic 
particulate. Using, this combination of elements, a 
thermally conductive bond ply can be made having a 
thickness of less than 150 /xm, preferably less than 135 
5 fim can be used. 

The rigid or fl'exible printed circuit board can be 
a circuit comprising a single hard board layer such as 
phenolic or epoxy, or a polymeric layer, having one or 
more circuit traces on opposite sides of the board or 
10 film or can be a multilayer film comprising two, three, 
four or more layers of circuitry bonded into a 
cooperating active circuit by interconnections between 
the layers. Metallic traces can also act to manage heat 
as thermal passageways or dissipation units. The heat 
15 sink can be a sheet of metallic material such as 

aluminum or copper. Alternatively, heat sinks having 
heat capacity and heat dissipation rates substantially 
greater than metallic sheets can also be used. Finned 
heat sinks or tabbed heat sinks or heat sinks having 
2 0 liquid coolant can be used. 

One aspect of the instant invention provides an 
adherent film article having low thermal impedance and 
high dielectric strength that retains a high degree of 
flexibility.. The adherent film can have multiple 
25 layers. For example, the adherent film assembly can 
comprise a first filled thermally conducting adhesive 
layer, an unfilled polymeric film having high dielectric 
strength, and a second filled thermally conducting 
adhesive layer. The first adhesive layer requires 
3 0 dielectric strength sufficient to prevent trace to trace 
shorting. The two adhesive layers of the film increase 
the thermal conductivity of the assembly by maintaining 
close contact between the active circuit and the heat 
sink. The layers provide useful electrical dielectric 
3 5 strength. The first and/or the second adhesive layer 
contain a thermally conductive material such as a 
ceramic particulate to increase the thermal conductivity 
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of the layer. For the thin film i 

polymeric « 1m ■ u * yer an unfilled 

f ;L;^L h ~ n r/r dieiectric 

minimize therm, i • " 33 P oss ible to 

■ ^^^^^ electricai 

example, polyesters. polyet^Lt! ^ ."* X »*- 
other esuivalent «^.rL, ?A * ^ 

assembly of the i nv „n*.< u adherent fii m 

thermal" lelZZ al Z * .^-ion of physical, 

- for assembly iT?"**" ^ ™ SUited 

prints m ° Cesses (e -g- soldering) mounting 

printed circuits on to a heat sink or other h 
dissipating devices. 

Another aspect of the instant invention is an 
electronic assembly that comprises a Dr , B ! 

Performance is not impaired l y t 22 ° s t ^ 
""filled polymeric layer provL\ T ' Che 

an assembly made from a l^^^^ ^ °' 
adhesive to the backside of a circuit foil T" lled 

layer of thermally conductive adhesive. 

Brief n..^< r >4. n of „,,. « T | . rr 

30 a douLI sprint f^"** ° £ « view of 

UDie sided printed Circuit board having exposed 
port, The flexible 

adhered to the heat sink usin S an intermediate 
insulating layer. 
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circuit and a heat sink using a filled, thermally 
conductive adhesive. The film should be selected to 
minimize thermal impedance while maintaining adeauate 
dielectric strength. Thermal impedance is reduced by 
5 reducing the thickness of the film. However, as the 
film thickness is ^educed, the insulating value or 
dielectric strength is reduced. Below a certain 
thickness, the film cannot be relied upon for providing 
adequate electrical insulation. Preferred films have a 
10 maximum thickness of less than 15 /zm, about 1 to 15 /zm, 
preferably about 5 to 12 /zm. Typically the dielectric 
strength of the layer must be at least 300 volts (ac) 
preferably at least 1000 volts (ac) . The thermal 
properties of the film can be characterized with a 
15 thermal impedance (less than about 100°C-mm 2/ watt , 

preferably less than about 50°C-mm 2/ watt) . Any film that 
corresponds to these dimensions and thermal and 
dielectric strength properties can be used as an 
insulating layer. Lastly the films are substantially 
20 unfilled. Commonly in this art, insulating films have 
been used containing a substantial portion of a 
thermally particulate filler material to improve the 
thermal conductivity. Such thermally conductive 
particulate typically comprise a ceramic material. The 
25 films of this invention are substantially free of any 

such filler material. The absence of filler permits the 
use of a film of thin film at low cost. A broad class 
of potential film materials are known. Preferred film 
materials include thermoplastic polyesters, polyimides, 
0 polyetherimides and equivalent engineering resins. 

Preferred films are made from aromatic dicarboxylic 
acids and alkane diols. Preferred alkane diols and the 
polyesters include ethylene glycol, l , 4-butanediol , 1,6- 
hexanediol, 1, 4-cyclohexanediol and other aliphatic 
5 diols having from 2-12 carbon atoms in a saturated 
linear or cyclic alkyl structure. Preferred aromatic 
acids in the manufacture of the polyesters of the 
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invention include terephthalic acid M a u 
dicarboxylic acid) tereohth.l ! ' ben2ene 

— K ^- naphth ^^^^ acids, 

naphthalene dicarboxylic acid 2 Z l' 1 ' 
5 - Dol ^ster fii m composition of the prefe ~e d 

(ethylene-co-2 T Nation is a poly 

Polyi mi des^~ C«,. 
Afunctional carboxyli 2 , ? ^ dSriVed fr ™ 

^ i mide struc j::;tt and primary ami — 

10 heterocyclic unit *i v lng 3 linear or 

characteristic ^o::!- b ~*-e„ is 

outstanding ^cTT ^HT" 0 «^it 

stability. Polvim^ Pr ° pertles and excellent 

-a mine l ~ c ^:; ca p r r from - 

" nultistep aequence the "" a f CarbOXyllc »<*> in a 

Preferred preparation from reaCCi ° n - *° ^"-tive 

as 1.4-phenylene diamine , \ „ ^ ««* 

"ethylene dipheny^rdL, P , ^-. 4,4-- 

=° ^-oxydianLine etc T"* 1 "" 

dianhydride. be reacte d »ith the 

Polyetherimides are lo 
« United states Patent No 4297 4 T' ^T' 

Practice of the manufacture o « ' ,?* 1Cally in «» 
substituted aromatic bis amide >° V 3 
alkali metal phenate £\ rea ««e with an 

al.au metal IZtl I JlT^lT^ ^ ^ 
3 0 polycvclic an ^ either monocyclic or 

Pheri ?are L°c t n ed COnt : h n »» 
containing the " """""^ » dss «^ above 

-O-phenylene-O- grouD a lfnv . . 

can be made by a conventi , °" ^""erimide 

3= and an ether LntZ , "Nation of diamines 

PdyetherimL 9 dlanh >- drid e • Preferred 

~y v*.fc. Plastics Company. 
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Insulating films discussed above commonly are 
coated with a thermally conductive adhesive layer before 
use. The adhesive layer is made thermally conductive 
using a minimum film thickness and a substantial 
5 proportion of the heat conductive filler material. 
Preferred fillers are metallic, inorganic or ceramic 
particulate that can be dispersed or suspended in the 
adhesive material prior to coating the polymer film. 
The particle size of the particulate typically ranges 
10 from about 0.1 to 3 0 microns, preferably l.o to 25 

microns. Useful thermally conducting but electrically 
insulating ceramic materials include aluminum oxide, 
beryllium oxide, magnesium oxide, titanium oxides, zinc 
oxide, boron nitride, aluminum nitride, silicon nitride, 
15 silicon carbide, silica, diamond, etc. and mixtures 

thereof. The thermally conducting material within the 
adhesive layer, in contact with the heat sink can be the 
particulate above or the following Cu, Al, Ag, Au, Ni, 
Zn, Fe, Pd, Pb, Sn, solder, graphite, carbon, or 
20 mixtures thereof. 

A variety of adhesive types can be used. Both 
thermoplastic or thermosetting adhesives are available. 
The preferred adhesive comprises a solvent borne or 
based, hot melt thermoplastic adhesive solvent borne, 
25 water borne, or hot melt thermoplastic adhesive. 

Solvent borne adhesive systems permit better dispersal 
of particulate filler and also improved consolidation of 
the filler matrix upon drying. Such systems are 
typically composed of soluble or dispersed acrylic 
30 epoxy, polyimide, polyester or polyurethane resins. 
Water borne adhesives can be used if compatible with 
filler. Thermoplastic hot melt adhesives typically 
comprise a thermoplastic polymer such as an ABA block 
copolymer (wherein A is polystyrene and B is a 
35 polybutadiene or polyisoprene) , polyethylene, 

poly(ethylene-co-vinyl acetate), an acrylic resin, a 
polystyrene resin, or other' known polymer, in 
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adhesive composition should ranae h=- ! 

watts/m-K, preferably greater *° Ut °- S " 20 
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consuming electric pier is the h T ' '"^ CirCUit 
25 between the component InVthe 

increase the heat handling ^TuyVZr^ ' T ° 
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« heat sink, a heat sJn * C ° ntaot with 
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"ith an improved heat transfer co-bin-,, • aevi « 
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r.««i ■ wlCn or without forced air- 

cooling or even a l iqu id cooled metal structure for 

• ircuic to the ambient atmosphere in 
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terms of required power dissipation. Preferred heat 
sinks in this application are thin metallic sheets, 
. preferably aluminum having a thickness of about 0.020- 
0.0125 inches. For. circuits having higher power 
5 dissipation, thicker aluminum can be used, alternatively 
finned sheets or ljLcfuid cooled structures can be used. 

Rigid printed circuit substrate material can 
include rigid boards made from phenolic, epoxy, epoxy 
fiberglass, and other conventional rigid circuit board 
10 substrates. 

The flexible printed circuit boards of the 
invention are typically made from a flexible metal-film 
laminate material . The laminate can comprise a polymer 
film layer having a metal layer on each surface of a 
15 film. Both adhesiveless and adhesive containing 
laminates can be used. Films that can be used for 
forming the metal film laminates used in the circuit 
boards of the invention are commonly organic film- 
forming compositions that can be formed from a variety 
20 of common polymeric films including addition polymers, 
condensation polymers, natural polymers, treated films, 
thermosetting or thermoplastic resins. 

Useful thermosetting resins include phenolic 
resins, epoxy resins, polyurethane resins, thermosetting 
25 polyester resins, silicone resins, etc. Engineering 

plastics such as polyamide (Nylon) , aromatic polyester, 
polyetherimide, polyether ether ketone, polysiilfone, and 
polyphenylene ether; crosslinkable resins obtained by 
compounding an organic peroxide as a crosslinking agent 
3 0 and a radical polymerizable polyf unctional compound, a 
thermosetting resin and the like can be used. Because 
of the nature of thermosetting resins, they cannot be 
further heat processed without severe distortion or 
destruction. 

3 5 Polyimide film can be used in the preferred film 

circuit laminate. Preferred polyimides are typically 
made by a two step reaction involving contacting a 
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tetrabasic acid dianhydride with an a 

5 or sheet, easily produced as film 

Thermoplastic resin* i 
laminate £ ilms of the T the 
polymers include poly aT pha • ""^ addi "° n 
Polypropylene, po [y 4 .^h vl " ' fol ^ a ^-». 

acrylic acid copolymers et tT "Polymers, ethylene 

thermoplastic propylene pol^s such ^ 
ethylene-propylene copolymer! etc " ^^-Pylene. 
IS pollers and copolymers; ^iidene ' 

and copolymers; polyvinyl aleoh , S Polymers 

-om acrylic ac^^ aTlT 

- po^inyudieir i a ; n nr etr 

propylene resins styren. flUOrinated ethylene- 
aipha-methylstyrene 112 ^ 3 

acrylonitrile-L^tt;^^"^: 

A vsrion * y Polymers and others 

« - th : ::; rtiVoTrr 0 " poiymers - — * — 

-eluding nylon ^J^^ ^ 

nylon „. nylon 10 . nylon al , n ^ n '^ h " ^ «' 

0 t^E^^Cr 0 ."""" ana di- or 

co-terephthlate, . po £ Ltyle ' 

of ^TTrlTllZT also be used in the 

chained linear ZZllrs 0 TT •» 
Panels typically £T£ «* 

bisphenol A materials reLLi" ^ ' C ° C1 '' " lth 

resulting ln transparent, tough, 
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dimensionally stable plastics. A variety of other 
condensation polymers are used including polyetherimide 
polysulfone, polyethersulf one , polybenzazoles , aromatic' 
polysulfones, polyphenylene oxides, polyether ether 
5 ketone and others. 

Preferred material for use in the laminate of the 
invention are polyester film materials such as poly- 
ethylene- terephthlate, polybutylene terephthlate and 
polyimide materials. These film materials are sold by 
10 duPont, Allied-Apical, Teijin, Kanega-fuchi, as Mylar®, 
Kapton , Apical , Upilex , etc., films. 

Metals 

The metal useful in forming the metal film laminate 
of the circuit boards of the invention are often shiny, 

15 metallic layers not subject to substantial corrosion 
from atmospheric conditions and have substantial 
electrical- conductivity. Preferred metals for use in 
forming the laminate structures of the invention include 
aluminum, copper, gold, silver, etc. 
2 0 To make an adhesive metal laminate, a foil can be 

adhered to a hard board or film substrate with a 
conventional laminating adhesive. 

To make the adhesiveless metal layer, the film can 
be contacted with a source of a conductive layer. 
25 Preferably, a source of metal vapor is used to form, a 
metallized layer on the plasma treated film. Vapor 
metallization is a low pressure, high temperature 
(energy) process in which metal vapor is formed. A 
variety of other layers can be used including carbon, 
3 0 conductive polymers, etc. 

The metallization step can be each carried out at 
relatively low pressure, typically less than 200 Torr. 
This process can be carried out in a single chamber 
which is divided into sections operated at a pressure 
35 that is optimized for multiple metal addition. 

Typically, the metallization occurs at pressures less 
than 0.5 Torr. 
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The metallized film is particularly suit,* r 
-bseguent formation of thick metal layers such ."h 
useful in the end uses discussed above „ " ^ 

he fo d in . variety Qf techni^es, ho„ ; r " 
electroplating and electroless platino are th 
commonly used metaviayer f J ion 

Electroplating is the electrodeposition of an 

solution or bath. Such baths are typicalfv ,™ 
solutions from which meta! is reduc^ ly * ToTl 
electric current through a solution o£ the meLTs^" 
in performing electroplating of me tal on 1 T T 
« electrode, the electrode or substrate " l™*^™ 
^sed, dipped in acid or is sublet to o he " ^ 
pretreatment or substrate preparation, m ooeratina 

current metal concentration and other variables are 
close y controlled using well kn own principles 

In the preparation of. metal laminates of the 
2S invention, the laminate metal is tvoic al i 

onto a substrate having a meta lay! ^ parT" 
copper metallization technics. Useful coo T* 
-n also be formed using U^^^ 

,o u m c :r:L iie v ucocataiytic - " °- 

film by the interaction, in a solution of metal salt 
between a metal and a chemical reducing agent 

-etaUic compounds, and composites on both conductive 
S coLarr° ndU ? Ve SUrfaCeS ' EleCtr ° le - sections 

buf £ :: i r a sait - reducing ^ * «* ~ 

contrl; " mpUxlng ^ enC and «• °r more additives to 
control solution stability, film properties, deposition 
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rates, etc. Primarily, nickel, copper, gold and silver 
are plated using electroless techniques. The advantage 
of electroless plating is the ability to plate metal on 
non-conductive or poorly conductive surfaces. 
5 Once the adhesive or adhesiveless metal layer (s) is 

formed, a printed wiring board can be made by forming 
the circuit pattern in metal on the film. The pattern 
can be formed by an etching process or by a semi- 
additive pattern plating process. In an etching 
10 process, a resist and basic etchant baths are used to 
selectively remove copper leaving the pattern. 
Alternatively, a conductive circuit pattern can be 
formed on the laminate of the invention using a semi- 
additive technique. In such a technique, the circuit 
15 pattern is formed in a way to significantly reduce the 
amount of metal removed through an etching step. In the 
semi-additive technique, after the first metal layer is 
formed using metallization, a resist is formed on the 
first layer. The resist leaves revealed, the first 
20 metal layer in the pattern of the desired circuit. Onto 
the revealed pattern is plated a thick, 0.1 to 40 /xm 
layer of copper using commonly electroplating or 
electroless techniques. After the second metal layer in 
the desired pattern is complete, the resist can be 
25 removed leaving the thick metal pattern and in the areas 
revealed by the removal of resist, the thin metallized 
layer. The remaining, revealed metallized areas are then 
removed using a light etch. The metallized layers are 
thin and require brief etching substantially reducing 
3 0 the amount of metal removed, the amount of etchant 

consumed and substantially reduces the amounts of waste 
materials. The technology in Swisher, U.S. Patent No. 
5,112,462 can be used to make the flexible, polymer- 
metal circuit. 

35 The appropriately patterned double sided printed 

circuit board is manufactured into a finished circuit by 
attaching active and passive components to one surface 
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of the board. 



insulacing layer . ; --L che di r osed 

to the printed circuit board h * attached 

5 technology. However a pre Lred any t ?f CatiOT 
active co.pone.ts inZlls l J^T 
active components. The use of ! , ° f Che 

in attaching active components to InT T teChn ° l03y 
double sided printed circuit L/! ° f the 

" results in a side fr J T °* inve ntion 

attachment sZclllT*^ " 
t- Sf er to the heat sL* "he 

circuit board comprises na^r^T" °' ^ 

circuit Da tt P m e , surface having only 
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t,e flat S urfac y e L'dea Tfo 1 I,: 11 ! » ^ 

adhesive coated layer to the" T^T ^ft^ 
-race is thermally connected to the heat sin, 
entire surface. No gaps ari,» a ° Ver the 

- or attachment ^lltZT tcT 

maximizes thermal conductivity structure 

Ending pads formed i n the circuit boa d 
" for bonding flip chips (i " rcult b °ard. For example, . 

circuit chips ha P vin 'I de bu^trm 9 :: 
thereof), one prefers a- °" °" e side 

in U.S. Patent No s .t sT'.^ " ch «» 1 - 
According to the Casson eHi T"* '° CaSS ° n " ^ 
0 temperature solder paste is I' ' * l0 * 

on the overlay oneT re 9"tered °" contact pads 

heat- • mfrared reflow oven or other 

neat applymg mechanism. The .oi^v u 
paste then fo^ k r bUmpS and s °lder 

then form homogenous compositions which solidify 
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between the flip chips and the circuit board. Many 
other direct chip attachment techniques, such as tape 
automated bonding (tab) , wire lead bonding C4, etc. may 
5 be used in the alternative, and that different 

materials, such as solders, solder pastes, conductive 
adhesives, etc. may be used to bond solder bumps or 
leads of the surface mount components to the circuit 
board . 

10 Surface mount technology or assembly of flexible 

circuits are well matched. Components using surface 
assembly can take a wide variety of package sizes and 
package types. Typical components include resistors, 
capacitors, inductors, integrated circuits, diodes, 
15 transistors, resistor arrays and others. A variety of 
integrated circuit packaging can be used including chip 
carriers, dual in line packages, solder bump technology, 
direct wire interconnections and others can be used. 
Conventional soldering techniques can be used including 
20 IR reflow, heat probe, wave soldering and other 
techniques. 

The resulting circuits, with attached heat sinks, 
of the invention can be used in a variety of 
applications where thermal control is important 
25 including radio frequency circuits, power circuits, high 
frequency circuits, circuits exposed to increased 
temperatures, etc. One preferred application for the 
technology of this invention is in automotive 
applications. Such automotive applications can include 
3 0 engine controllers, automatic breaking system 

controllers, pollution control modules, automotive 
radios, etc. or any other useful automotive application 
that can be mounted in the engine compartment, near 
exhaust systems, or in the vicinity of heated braking 
35 elements. 
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-j:; ^rj°^^~ with the 

^0, having an adhesive l ayer ll j '^ ^ ^ 
* the polymeric l ayer 20 Th l ' ^ ° PP ° Site side 

board layer 30 h • flex ^le p rinted circuit 

a layer 30 having circuit traces 3i 

flexible layer and clrouit i 32 on on °" e h -^ «* 

opposite side of the l ayer ls adh ! " " ° n the 

on the insuring lay er 20 21 

10 prevents conduction ^.l^ri" T" 9 ^ " 

" to he at sink « The , i ^ eirCUiC P ° rti °" 

active portions of the ^ C ° Ve " a11 

pore ions of the circuit pattern 3? ti, 

of the printed circuit board 30 that ^ "^'^ 
the insulating iaver M « that does not contact 

» 0^ other res^c^i " ^ * 

*e of any design , nd c f n J£ £^ <= an 

Pattern inciuding surface con J;"^ J 

or mounting iocations for passive f ^ C ° nnaCC °~ 

capacitors, inductors or a " ' reSiSt °"' 

! ° diodes, transistors, integrated C ° mP ° nentS " 
devices such lnce 9rated circuits or power 

ices such as power transistors scr-= f • 
other rectifier-, • s ' trla cs, and 

capacitors:^ t rr:;her s t^ r ^ i r tors • 

board can extend past the edge o, the a!" 
» « desired. However, any portion s of th " " 
circuit hoard having substantia^ ° o ""^ 

The following examples and data in„ c - . 
embodiments of the invention T h! Specific 
contain <nf« b - vencion - The examples and data 
contain information regarding the structures an H 

manufacturing techniques of the adh. 

inc.i • adhesive coated 

insulating film C f the inventor, ^ 

comprising a pri „ ted 1"™* , 

intermediate a dhesive fiim ^ 

rurcner, the thermal and 
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electrical properties of the assembly and test methods 

for measurement are recited. The following contains a 
best mode: 
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In these constructions the Bergquist PSA is a 
filled acrylic with a thermal conductivity of 0 9 
watts/m-K while the Sheldahl adhesive 713-51 is a filled 
thermoplastic/thermoset with, a thermal conductivity of 
5 between 1.0 and 2.0 watts/m-K. 

The foregoing-specification examples, data, 
drawings and discussion illustrate embodiments of the 
invention that has been developed. A variety of 
embodiments of the invention can be made without 
10 departing from the spirit or scope of the invention. 
The invention resides in the claims hereinafter 
appended . 



